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ZLWKQRH[FHSWLRQ WR WKHFRQVWUXFWLRQ LQGXVWU\$FFRUGLQJ WR(06'>@EXLOGLQJV LQ+RQJ.RQJ WDNHXSDOPRVW
RIHOHFWULFLW\FRQVXPSWLRQLQWKHFLW\%XLOGLQJIDFLOLWLHVWKHUHIRUHSURYLGHVDQLPPHQVHRSSRUWXQLW\IRU*+*




UHFHQW \HDUV $ WKRURXJK UHYLHZ RI OLWHUDWXUHV KDV UHYHDOHG WKDW WKHUH DUH QXPHURXV VXVWDLQDEOH UHIXUELVKPHQW
VROXWLRQVZKLFKFDQEHDSSOLHGWRLPSURYHHQHUJ\HIILFLHQF\+RZHYHUDVWKHFOLPDWLFFRQGLWLRQEXLOGLQJGHVLJQ
RZQHUVKLSSDWWHUQDQGHQHUJ\FRQVXPSWLRQEHKDYLRXUYDU\EHWZHHQGLIIHUHQWFRXQWULHV >@QRWDOO WKHVXVWDLQDEOH
EXLOGLQJ UHIXUELVKPHQW PHWKRGV DUH DSSOLFDEOH RU UHOHYDQW WR WKH +RQJ .RQJ FRQWH[W $SSO\LQJ WKH VXVWDLQDEOH
UHIXUELVKPHQWFRQFHSWVWRKLJKULVHUHVLGHQWLDOEXLOGLQJVLQ+RQJ.RQJWKHUHIRUHUHPDLQVH[WUHPHO\FKDOOHQJLQJ

7R VXFFHVVIXOO\ LQWURGXFH VXVWDLQDEOH UHIXUELVKPHQW LQ KLJKULVH UHVLGHQWLDO EXLOGLQJV QHFHVVLWDWHV QRW RQO\ D
EHWWHU XQGHUVWDQGLQJ RI WKH WHFKQLFDO PHULWV DQG IHDVLELOLW\ RI VXVWDLQDEOH UHIXUELVKPHQW RSWLRQV EXW DOVR WKH
SHUFHSWLRQRIRZQHUVDQGRURFFXSDQWV WRZDUGV WKRVHPHDVXUHV%\UHYHDOLQJ WKHVRFLDODQGKXPDQ LVVXHVSROLF\
DQGGHFLVLRQPDNHUV FDQGHFLGHKRZ WRSURPRWH WKHDSSOLFDWLRQRIYDULRXV VXVWDLQDEOH UHIXUELVKPHQW VROXWLRQV WR
PD[LPXP WKH *+* UHGXFWLRQ SRWHQWLDO 8QWLO QRZ WKHUH DUH UHVHDUFK JDSV EHWZHHQ L ZKLFK VXVWDLQDEOH
UHIXUELVKPHQWVROXWLRQVDUHPRUHVXLWDEOHIRUKLJKULVHUHVLGHQWLDOEXLOGLQJVLQ+.DQGLLWKHUHODWLRQVKLSEHWZHHQ
WKHKXPDQEHKDYLRXUVDQG VXVWDLQDEOH UHIXUELVKPHQW7KLVSDSHU WKHUHIRUH DLPV WRHVWDEOLVKD OLVWRI VXVWDLQDEOH






WKH RZQHUV DQG RFFXSDQWV LQYROYHG LQ WKH GHFLVLRQPDNLQJ SURFHVV >@ 2FFXSDQWV¶ QRUP DWWLWXGH DQG LQWHQWLRQ
WRZDUGV UHVLGHQWLDO HQHUJ\ FRQVXPSWLRQ ZRXOG LQHYLWDEO\ DIIHFW WKH VXFFHVV RI DQ\ VXVWDLQDEOH EXLOGLQJ
UHIXUELVKPHQW VFKHPH $ VPDOO FKDQJH LQ RFFXSDQW EHKDYLRXUV HJ E\ ORZHULQJ WKH LQGRRU WHPSHUDWXUHV XVLQJ
HQHUJ\HIILFLHQWOLJKWEXOEVWXUQLQJRIIWKHOLJKWVZKHQOHDYLQJDURRPFKDQJLQJWKHKRXUVRIRFFXSDWLRQDGMXVWLQJ
WKH YHQWLODWLRQ UDWHV XVLQJ YDULRXV (QHUJ\ 8VDJH 6\VWHPV (86 IRU FRRNLQJ VZLWFKLQJ RII XQXVHG HOHFWULFDO




6XVWDLQDEOH UHIXUELVKPHQWPHWKRGV FDQ EH FODVVLILHG DFFRUGLQJ WR GLIIHUHQW EXLOGLQJ FRPSRQHQWV >@ EXLOGLQJ
IXQFWLRQV>@ WHFKQLFDORUQRQWHFKQLFDODVSHFWV>@HWF$VGLVFXVVHGLQWKHSUHFHGLQJVHFWLRQQRWDOOVXVWDLQDEOH
UHIXUELVKPHQWPHWKRGVDUHDSSOLFDEOH WR+RQJ.RQJ7RGHWHUPLQHZKLFK VXVWDLQDEOH UHIXUELVKPHQWPHWKRGVDUH
UHOHYDQW WR WKH ORFDOFRQWH[W LW LVQHFHVVDU\ WR LGHQWLI\ VXLWDEOHFULWHULD WRDVVHVV WKHVXLWDELOLW\RI WKRVHPHWKRGV
$PRQJVWRWKHUDVSHFWVWKHFOLPDWLFFRQGLWLRQ>@DQGVHDVRQDOYDULDWLRQV>@ZHUHFRQVLGHUHGLQIOXHQWLDO%HVLGHV
WKHEXLOGLQJXVDJH DVZHOO DVRZQHUV DQGRFFXSDQWV¶EHKDYLRXU FRXOG DOVR OHDG WR DYDULDWLRQ LQ HQHUJ\GHPDQG
7KHUHIRUHILYHIDFWRUVZHUHXVHGWRGHWHUPLQHWKHVXLWDELOLW\RIVXVWDLQDEOHUHIXUELVKPHQWPHWKRGVDQGWKH\LQFOXGH
FOLPDWLF FRQGLWLRQ XVHU SDWWHUQ LQ HQHUJ\ FRQVXPSWLRQ UHOHYDQF\ WR UHVLGHQWLDO EXLOGLQJ VXLWDELOLW\ IRU EHLQJ
DSSOLHGLQKLJKULVHFRQVWUXFWLRQDQGRWKHUEXLOGLQJFKDUDFWHULVWLFV

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:KLOHKLJKULVHEXLOGLQJVLQ+RQJ.RQJDUHRZQHGDQGRFFXSLHGE\GLIIHUHQWSHRSOHLWLVQHYHUHDV\WRKDYHD
FRQVHQVXVLQVXVWDLQDEOHUHIXUELVKPHQWGHFLVLRQVH[FHSWIRUUHWURILWWLQJLHRQHRIDFRPSUHKHQVLYHQDWXUHDQGODUJH
VFDOH >@ +RZHYHU LQGLYLGXDO RZQHU DQG RFFXSDQW FRXOG DOVR LQLWLDWH VXVWDLQDEOH UHIXUELVKPHQW LQLWLDWLYHV DW
GLIIHUHQW WLPHV $FFRUGLQJ WR 6KDK >@ UHIXUELVKPHQW FDQ EH GLYLGHG LQWR OLJKW WRXFK RU UHIUHVK PHGLXP














VXUYH\ZDV FDUULHGRXW WR FROOHFW WKH GDWD0HDQZKLOH DFFRUGLQJ WR WKH DJH RIEXLOGLQJ UHIXUELVKPHQW VFDOH DQG













7KH UHOLDELOLW\ RI WKH GDWD FROOHFWHG IURP WKLV TXHVWLRQQDLUH VXUYH\ZDV WHVWHG WKURXJK&URQEDFK¶V FRHIILFLHQW
DOSKD &URQEDFK¶V DOSKD >@ LV RQH RI WKH PRVW SRSXODU UHOLDELOLW\ VWDWLVWLFV ZKLFK GHWHUPLQHV WKH LQWHUQDO
FRQVLVWHQF\ RU DYHUDJH FRUUHODWLRQ RI LWHPV LQ D VXUYH\ WR PHDVXUH LWV UHOLDELOLW\ >@ $ PHDQ VFRUH UDQNLQJ
WHFKQLTXHLVXVHGWRUDQNWKHUHODWLYHLPSRUWDQFHRIHDFKYDULDEOH,QWKLVVWXG\WKHUDQNLQJVRIYDULRXVVXVWDLQDEOH
UHIXUELVKPHQWPHWKRGVZHUHDFKLHYHGE\FDOFXODWLQJ WKHPHDQV IRU WKHZKROH VDPSOH ,I WKHUHZHUH WZRRUPRUH
YDULDEOHVZLWKWKHVDPHPHDQYDOXHWKHRQHZLWKDORZHUVWDQGDUGGHYLDWLRQZRXOGEHJLYHQDKLJKHUUDQNLQJ>@
:KLOH GLVWLQJXLVKLQJ WKH YDULDWLRQV EHWZHHQ GLIIHUHQW JURXSV RI UHVSRQGHQWVZDV FRQVLGHUHG EHQHILFLDO /HYHQH¶V
7HVW>@ZDVDGRSWHGWRGHFLGHZKHWKHUHTXDOYDULDQFHVEHWZHHQWKHWZRJURXSVVKRXOGEHDVVXPHG,I6LJ!
WKHQ DQ HTXDO YDULDQFH FDQ EH DVVXPHG 2WKHUZLVH DQ HTXDO YDULDQFH VKRXOG QRW EH DVVXPHG $Q LQGHSHQGHQW
VDPSOH WWHVW ZDV WKHQ DGRSWHG WR WHVW WKH VLJQLILFDQFH RI WKH PHDQ GLIIHUHQFH EHWZHHQ WKH WZR JURXSV 7KH
6WDWLVWLFDO 3DFNDJH IRU WKH 6RFLDO 6FLHQFHV 6366  VRIWZDUH ZDV XVHG WR DQDO\VH WKH GDWD DQGPHDVXUH WKH
LQGLFDWRUVDVPHQWLRQHGDERYH
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5HVXOWVDQGGLVFXVVLRQ
7KHTXHVWLRQQDLUHVXUYH\ZDVFDUULHGRXWLQPRVWRIGLIIHUHQWGLVWULFWVLQ+RQJ.RQJWRHQVXUHDZLGHUFRYHUDJH
DQGKHQFHDEHWWHU UHOLDELOLW\7KHTXHVWLRQQDLUH VXUYH\ZDVDGPLQLVWHUHG IURP-XQH WR -XO\$ WRWDORI
TXHVWLRQQDLUHVZHUHGLVWULEXWHG:KLOHLWLVDVWUHHWVXUYH\DUHVSRQVHUDWHRIZDVDFKLHYHG7DEOHVKRZVWKH





$JH )UHTXHQF\ 7\SHRIKRXVLQJ )UHTXHQF\ (GXFDWLRQDO'HJUHH )UHTXHQF\
  3ULYDWHKRXVLQJ7HQDQW  +LJKVFKRRORUEHORZ 
  3ULYDWHKRXVLQJ2ZQHU  8QGHUJUDGXDWH 
  2WKHUV  3RVWJUDGXDWH 
!     
4.1. Ranking of refurbishment methods 
7DEOHLQGLFDWHVWKHPHDQVFRUHUDQNLQJUHVXOWVRIVXVWDLQDEOHUHIXUELVKPHQWPHWKRGVLGHQWLILHG7KHWRSWHQ
VXVWDLQDEOHUHIXUELVKPHQWPHWKRGVDVSHUFHLYHGE\WKHUHVSRQGHQWVLQFOXGHGHQHUJ\HIILFLHQF\DSSOLDQFHVHOHFWLRQ
6 ORZ HQHUJ\ ODPSV 7 IOXRUHVFHQW 6 WLPH VZLWFKHV 6 PRWLRQ VHQVRUV 6 /(' OLJKWLQJ 6
HQKDQFH PHWHULQJ WR DXGLW HQHUJ\ SHUIRUPDQFH 6 SKRWRYROWDLF 39 SDQHOV 5 VRODU ZDWHU KHDWLQJ 5
ZLQGRZ IUDPHV ZLWK WKHUPDO EUHDN ( DQG PHFKDQLFDO H[WUDFW YHQWLODWLRQ 6 $OO WKHVH  VXVWDLQDEOH
UHIXUELVKPHQWPHWKRGV KDG WKHPHDQ VFRUHV RIPRUH WKDQ  RU FORVH WR $V IRU WKH OHDVW IHDVLEOH VXVWDLQDEOH
UHIXUELVKPHQWPHWKRGV WKH\ZHUH LQWHUSDQHJOD]LQJ( WLQWHGJOD]LQJ( OLJKWVKHOYHV ( ORFDWLQJ URRP
DLUFRQGLWLRQHU DW IORRU OHYHO / DQG UHIOHFWLYH JOD]LQJ ( 7KH GHJUHH RI DFFHSWDQFH DV SHUFHLYHG E\ WKH
UHVSRQGHQWV ZDV ORZ ZLWK WKH PHDQ VFRUHV RI OHVV WKDQ  7KH PHDQ VFRUHV RI DOO WKH LGHQWLILHG VXVWDLQDEOH
UHIXUELVKPHQWPHWKRGVDUHKLJKOLJKWHGLQ7DEOH
7DEOH0HDQVFRUHUDQNLQJRIUHIXUELVKPHQWPHWKRGV
&RGH 5HIXUELVKPHQWPHWKRGV 0HDQ 5DQN &RGH 5HIXUELVKPHQWPHWKRGV 0HDQ 5DQN
6 (QHUJ\HIILFLHQF\DSSOLDQFHVHOHFWLRQ   6 /LIWVZLWKSHUPDQHQWPDJQHWPRWRU  
6 /RZHQHUJ\ODPSV7IOXRUHVFHQW   ( 'RXEOHPXOWLSOHJOD]LQJ  
6 7LPHVZLWFKHV   6 ([WHUQDOZDOOLQVXODWLRQ  
6 0RWLRQVHQVRUV   ( ,QWHUQDOZDOOLQVXODWLRQ  
6 /('OLJKWLQJ   ( 5HSODFH PRWRUV DQG SXPSV ZLWKKLJKHUHQHUJ\HIILFLHQF\  
6 (QKDQFH PHWHULQJ WR DXGLW HQHUJ\SHUIRUPDQFH   6 5RRILQVXODWLRQ  
5 3KRWRYROWDLF39SDQHOV   6 'XFWZRUNDQGSLSHZRUNLQVXODWLRQ  
5 6RODUZDWHUKHDWLQJ   ( 5HYLVLQJDLUFRQGLWLRQLQJVHWSRLQWV  
( :LQGRZIUDPHVZLWKWKHUPDOEUHDN   6 (YDSRUDWLYHFRROLQJ  
6 0HFKDQLFDOH[WUDFWYHQWLODWLRQ   ( &KHFNDQGUHSDLUGXFNZRUNOHDNDJH  
5 0RGHUQLVHOLIWVZLWKDGYDQFHG999)FRQWUROV\VWHP   ( )ORRURUFHLOLQJLQVXODWLRQ  
6 3KDVHFKDQJHPDWHULDOV   ( )ORRURUFHLOLQJLQVXODWLRQ  
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( $XWRPDWLFEOLQGV   5 ,QVWDOOVKRZHUVZLWKORZIORZDHUDWHGVKRZHUKHDGV  
6 5HIOHFWLYH VXUIDFH FRRO URRIV RUZDOOV   6 :LQGWXUELQH  
( *UHHQURRI   / 5HPRWH VRXUFH VRODU OLJKWLQJ OLJKWSLSHV  
/ 'D\OLJKWVHQVRUV   6 &KLOOHGEHDPVRUXQGHUIORRUVVXSSO\  
( 2SWLPLVH OLJKWLQJ FLUFXLWV WR IXOO\XWLOLVHGD\OLJKWFRUULGRUV   6 %XLOGLQJPDQDJHPHQWV\VWHP  
( /LIWSRZHUUHJHQHUDWLRQV\VWHP   6 ,QGXFWLRQFRRNLQJ  
&RGH 5HIXUELVKPHQWPHWKRGV 0HDQ 5DQN &RGH 5HIXUELVKPHQWPHWKRGV 0HDQ 5DQN
6 5HGXFHKRWZDWHUVWRUDJHWHPSHUDWXUH   ( 5HIOHFWLYHJOD]LQJ  
( 2YHUKDQJV   / /RFDWLQJ URRP DLUFRQGLWLRQHU DWIORRUOHYHO  
( 'RRULQVXODWLRQ   ( /LJKWVKHOYHV  
( 6LPSOHFRDWLQJ   ( 7LQWHGJOD]LQJ  
( 9HUWLFDOILQV   ( ,QWHUSDQHJOD]LQJ  
4.2. Most acceptable sustainable refurbishment methods 
(QHUJ\HIILFLHQF\DSSOLDQFHVHOHFWLRQ 6ZDV UDQNHGDV WKHXWPRVWDFFHSWDEOHPHWKRG%XUWRQ>@ LQGLFDWHG
WKH XVH RI HOHFWULFLW\ E\ DSSOLDQFHV LQYROYHV KXJH DPRXQW RI HQHUJ\ DQG VHOHFWLQJ HQHUJ\ HIILFLHQF\ HOHFWULFDO













RQ ORZ HQHUJ\ ODPSV OLNH D VWURQJ VXEVLGLVH LQPDQ\ SURYLQFHV RI&KLQD ORZ HQHUJ\ ODPSKDV JDLQZLGHVSUHDG
XVDJHE\UHVLGHQWV&RPSDUHGZLWK/('OLJKWLQJORZHQHUJ\ODPSLVPRUHDFFHSWDEOHGXHWRWKHORZHULQLWLDOFRVW

7KH WKLUG PRVW DFFHSWDEOH UHIXUELVKPHQW PHWKRG LV WLPH VZLWFK 6 $V VWDWHG LQ %DLGX:LNLSHGLD µHYHU\







UHIXUELVKPHQW0RWLRQ VHQVRUV FDQEHHDVLO\ LQVWDOOHG WRDXWRPDWH WKH OLJKWV DQGRWKHU DSSOLFDWLRQV LQKRPH >@
,QVWDOOLQJRFFXSDQF\ VHQVRUV LQDUHDVZLWK LQWHUPLWWHQWXVDJHVKRXOGEH VWURQJO\ UHFRPPHQGHGGHVSLWHSXWWLQJDQ
HDV\WRXQGHUVWDQGODEHOWRUHPLQGXVHUVWRWXUQRIIWKHOLJKWVZKHQQRWLQXVHFDQHTXDOO\VHUYHWKHSXUSRVH>@
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/(' OLJKWLQJ 6 LV WKH RWKHUPRVW DFFHSWDEOH UHIXUELVKPHQWPHWKRG RI WKH VDPH FDWHJRU\ZLWK ORZ HQHUJ\
ODPSV 7 IOXRUHVFHQW0DMRULW\ RI WKH OLWHUDWXUHV FRQVLGHUHG /(' OLJKWLQJ DV WKH SUHIHUUHG OLJKWLQJ VRXUFHV IRU
UHVLGHQWLDO SXUSRVH >@/(' OLJKWLQJ KDV D YDULHW\ RI FRORXUV DQG WKLV FRXOG KHOS FUHDWH D
VW\OLVK DWPRVSKHUH >@ ZLWKRXW JHQHUDWLQJ H[FHVVLYH KHDW DV VHFRQGDU\ SURGXFWZKHQ WKH\ DUH VZLWFKHG RQ >@
+RZHYHU D FRPSDULVRQ EHWZHHQ/(' OLJKWLQJ DQG ORZ HQHUJ\ ODPSV 7 IOXRUHVFHQW VKRXOG EH EDVHG RQ WKHLU
SHUIRUPDQFHFRVWDQGHOHFWULFDOHIILFLHQF\HWFDQGWKLVFRXOGDIIHFWWKHXOWLPDWHGHFLVLRQ



















DSDUWPHQWV LQ +RQJ .RQJ DUH YHU\ VPDOO 7KHUHIRUH OLJKW VKHOYH ZDV FRQVLGHUHG D OHVV SRSXODU PHWKRG IRU
VXVWDLQDEOHUHIXUELVKPHQW

8VXDOO\ DLUFRQGLWLRQHUV IRU GRPHVWLF XQLWV LQ+RQJ.RQJ DUH ORFDWHG DW KLJK OHYHO:KLOH UHVHDUFK ILQGLQJV
VKRZHGWKDWWKHUHZRXOGEHDHQHUJ\VDYLQJE\LQVWDOOLQJWKHDLUFRQGLWLRQHUDWWKHIORRUOHYHO6>@VHH
)LJWKLVZRXOGUHTXLUHDYHU\VXEVWDQWLDOFKDQJHWRWKHIDoDGH,Q+RQJ.RQJWKHIDoDGHLVXVXDOO\FRQVWUXFWHG






WKH DWPRVSKHUH >@ KRZHYHU UHIOHFWLYH JOD]LQJ LV FDXVLQJ PRUH DQG PRUH FRQFHUQ LQ DQ XUEDQ HQYLURQPHQW
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)LJD&$&0RGHOE)$&0RGHO5HPDUNVDLUFRQGLWLRQHURXWOHWUHWXUQODPSVEHGDQGKHDWJHQHUDWRU>@














$OO LQDOO UHSODFLQJ WKHEXLOGLQJVHUYLFHVFRPSRQHQWVDQGV\VWHPVHVSHFLDOO\IRU OLJKWLQJHOHFWULFDODSSOLDQFH
YHQWLODWLRQOLIWVHWFKDYHUHFHLYHGPXFKJUHDWHUVXSSRUWIURPWKHRZQHUVDQGRFFXSDQWVVXUYH\HG,PSURYLQJWKH
EXLOGLQJ HQYHORSV VXFK DVZLQGRZV DQG VKDGLQJ DUH QRW VR DFFHSWDEOH$V IRU WKH VROXWLRQV UHODWHG WR UHQHZDEOH





7KH UHVHDUFK GHVFULEHG LQ WKLV SDSHU LV QRW ZLWKRXW OLPLWDWLRQV )LUVW WKH VXVWDLQDEOH UHIXUELVKPHQW PHWKRGV




WKH ILQGLQJV ,W LV UHFRPPHQGHG IXUWKHU VXUYH\ DQG FRPSDUDWLYH VWXG\ VKDOO EH FDUULHG RQ WR LGHQWLI\ WKH IDFWRUV
LQIOXHQFLQJWKHVXFFHVVRIDVXVWDLQDEOHUHIXUELVKPHQWSURMHFWEHIRUHGXULQJDQGDIWHUUHQRYDWLRQ
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